We describe tandem combinations of Suzuki-aza-Wittig, Suzuki-condensation and aza-Wittigelectrocyclic ring closure reactions for the synthesis of new pyridazino [4,5-c] 
Introduction
In our previous studies we reported the synthesis of several new polycyclic pyridazines via interand intramolecular nucleophilic substitutions 1 as well as by using Pd-catalyzed reactions. 2 In this paper the application of Suzuki-aza-Wittig tandem, Suzuki-condensation (ring closure) tandem, as well as aza-Wittig-electrocyclization tandem reactions are described. The aza-Wittig reaction 3 is a widely used preparative method for the synthesis of several types of organic compounds.
Synthesis of the pyridazino [4,5-c] isoquinoline ring system from an isoquinoline precursor is well known in the literature. 4 In our recent studies we showed another route, 5 in which pyridazino [4,5-c] isoquinoline derivatives 4 and 7 were synthesized by Suzuki cross-coupling reactions from 4-chloro-5-methoxy pyridazin-3(2H)-ones, 6 and 5-chloro-4-methoxypyridazin-3(2H)-ones, 7 respectively (Scheme 1). Now, on the basis of our previous experiences we were interested in new synthetic routes consisting of halogennitrogen displacements on the pyridazinone ring system with subsequent ring closure reactions. Incorporation of the nitrogen atom into the target ring was carried out via transformation of dihalopyridazinones into haloiminophosphoranes, or haloamine intermediates.
On the other hand, we elaborated a synthetic method towards 4,5-annelated diazinones via carbodiimides. The synthesis of fused pyridazinones started from the appropriate azides 8 . The basis of this procedure is the conversion of aryliminophosphoranes to carbodiimides by using phenylisocyanate. Iminophosphorane derivatives of pyridazinones 9 and uracil 10 are known in the literature, as well as the methodology for preparation of carbodiimides.
11 Appropriate diarylcarbodiimide can be subjected to ring closure reaction by refluxing in dry solvent, usually toluene. 12 In our present work this commonly used reaction sequence was applied for the conversion of diazines.
The pyridazino [4,5-c] quinoline ring system has been earlier described in the literature, 13 where the pyridazine part was built up on a quinoline moety. However, in our synthetic strategy the target ring system was obtained starting from a pyridazine nucleus. Electrocyclization reaction of an uracil carbodiimide was carried out for the synthesis of pyrimido [5,4-c] quinoline derivatives.
Results and Discussion
We have published two general methods for the incorporation of a nitrogen atom into a polycyclic system. The first method involved the formation of an azide intermediate, 8, 14 while the second one was realized via a halogen atom displacement of dihalopyridazine by an amino group 15, 16 (Scheme 1). The starting 2-alkyl-4,5-dibromopyridazin-3(2H)-ones 1a-c, were synthesized according the literature via alkylation of dichloro-, 17 dibromo-, 18 or diiodopyridazin-3(2H)-one. 19 Compound 1d was obtained similarly, while the literature described its synthesis by the reaction of the 2-methyldichloro compound 1c with concentrated HI. 20 Regioselective amination of 4,5-dibromo-2-methylpyridazin-3(2H)-one 1b, 21 and 2-benzyl-4,5-dibromopyridazin-3(2H)-one 1a 22 could not be achieved by reaction with aqueous ammonia to the appropriate 5-amino-4-bromo derivatives 5a 23 and 5b 21 as the isomeric 4-amino-5-bromo compounds 6a and 6b 21 were also formed in minor amounts. The same problem was encountered in the case of the published 15, 16 reactions of 4,5-dichloro-2-methylpyridazin-3(2H)-one 1c 17 with different amines. On the contrary, 2a, 2b, 24 2c 24 and 2d i.e. the azido derivatives of 1a-d were obtained selectively from the appropriate dihalopyridazinones by reaction with sodium azide. Reduction of the azides to amines could be problematic; however, the formation of iminophosphorane from the azides could serve as another possibility. 
4a (92 % from 3a) (54 % from 5a) b (75 % from 3b) (6 % from 3c) (64 % from 3d) (62 % from 5b) In an earlier paper 8 we described Suzuki cross coupling reactions of 5-iodo-2-methylpyridazin-3(2H)-one 8 25 with arylboronic acids. This series has recently been completed using 5-iodo-2-phenylpyridazin-3(2H)-one 9.
19 Accordingly, 8 and 9 were reacted with 2-pivaloylamino phenylboronic acid and its 5-chloro derivative to obtain the protected aniline derivatives 10a-c. Deprotection of the protected anilines 10a-c gave the free amines 11a-c. The latter compounds were diazotized followed by treating the diazonium salts formed with NaN3 to give the corresponding azides 12a-c (Scheme 2). These azides were reacted with triphenylphosphine in dichloromethane to give iminophosphoranes 13a-c.
In the light of the reported procedure of the tandem-type reaction, 26 the iminophosphoranes 13a-c were reacted with phenylisocyanate in toluene to give the corresponding carbodiimide intermediates, followed by in situ thermal cyclization at 140°C for 24 h in a one-pot reaction. The reaction product was found to be a mixture of two compounds which were easily separated by column chromatography and identified as the pyridazino [4,5-c] quinolines; 14a-c (minor products) and 15a-c (major products).
These results can be explained (see Scheme 3) on the basis of intramolecular reactions being usually favored (running faster) while the attack of another iminophosphorane at the sp carbon atom of the carbodiimide led to bis-carbodiimides which underwent a ring closure reaction. Thus, the 5-phenylamino derivatives obtained via a direct intramolecular route were formed in lower yields compared to the 5-pyridazinylphenylamino compounds.
A plausible mechanism for the thermal cyclization of the carbodiimide intermediates is presented (Scheme 3). These carbodiimides, formed by aza-Wittig reaction between iminophosphoranes 13a-c and phenylisocyanate, could undergo thermal cyclization in two ways. In the case of the major product, a N,N'-bis(pyridazinylphenyl)carbodiimide is formed by intermolecular reaction of the carbodiimide with another molecule of the iminophosphorane, along with elimination of phenyliminotriphenylphosphorane. In this first step the nitrogen atom of the iminophosphorane attacks at the sp carbon atom of the carbodiimide as a nucleophile. Then the N,N'-bis(pyridazinylphenyl)carbodiimide intermediate reacts in a subsequent intramolecular ring closure reaction giving the main product. In the case of the minor product, the carbon atom at position 4 on the pyridazinone ring initiates the nucleophile attack at the carbon of the carbodiimide and phenylamino-pyridazine is formed by a direct intramolecular step. These concurrent reaction pathways could be explained with the stronger nucleophilicity of the iminophosphorane nitrogen atom compared to the pyridazine ring carbon at position 4. Electrocyclic ring closure via a carbodiimide intermediate i) As the aza-Wittig type reaction was successful on pyridazinones, we wanted to apply this tandem cyclization on other diazines, first on uracil derivatives. Aminophenyl uracil derivative 18 -synthesized from 5-bromo-1,3-dimethyl-uracil 16 by Suzuki cross coupling reaction via the protected amino compound 17 according to the method described previously 14 -was the first model compound for testing the aza-Wittig type reactions (Scheme 4). The amine 18 was first transformed to its azido-derivative 19, then in a subsequent step by reaction with triphenylphosphine to the iminiphosphorane derivative 20 and the latter was treated with phenylisocyanate. Our idea was to prepare a carbodiimide in situ and to carry out a subsequent cyclization. Unfortunately, the desired pyrimidoisoquinoline could not be isolated from the complex reaction mixture. This failure is probably due to the very low electron density of the uracil carbon at position 6.
A similar situation was observed in another experiment; iminophosphorane 22 produced from azido-uracil derivative 21 2 gave with phenylisocyanate a complex mixture (Scheme 5) from which the desired pyrimidoquinoline could not be isolated. This could also be a consequence of the lower electron density of the substituted phenyl ring: the adjacent C-6 atom of the uracil core is rather electron deficient and can withdraw electrons at ortho-position of the phenyl ring. ii) Since carbodiimide was the proposed key intermediate for the tandem reactions of pyridazinones, it seemed promising to synthesize a carbodiimide directly in the case of other uracils. Suitable precursors could be found again among our own published uracils 14 (Scheme 6). Azido derivative 24 of the chosen aminophenyl uracil derivative 23 14 could not be isolated earlier; for this reason first the thiourea derivative 25 derived from 23 was prepared with phenylisothiocyanate according to a published method. 27 In the next step, carbodiimide 26 was generated in situ with methanesulfonylchloride in dry toluene, then 26 was transformed by refluxing in xylene to the cyclized product 27. This route is not a tandem sequence, but similar to it. We observed only direct intramolecular reaction on the uracil nucleus, contrary to the analogues applied in the procedures with pyridazinones. This can be explained with the stronger nucleophilicity of the carbon atom at position 5 of the uracil core, compared to the carbodiimide nitrogen. Therefore intramolecular electrocyclization took place without formation of a dimeric carbodiimide intermediate and thus the pyrimido [5,4-c] quinoline ring system 28 was directly produced instead. This finding could be explained in the following way: the nitrogen atom of the carbodiimide is a relatively weaker nucleophilic center than the carbon at position 5 of the uracil ring. Therefore, the direct intramolecular route is more favorable compared to the formation of a disubstituted carbodiimide, which occurred in the case of pyridazinones.
1) diazotation
The pyrazinyl azidophenyl compound 28 (Scheme 7) prepared by us earlier 14 was the next model studied in the above methodology applied for pyridazines. Similarly to the previous procedure, in the first step iminophosphorane derivative 29 derived from the pyrazine 28 was formed. Next, phenylisocyanate was reacted with this precursor but here again a complex mixture was formed from which the desired pyrazinoquinoline could not be isolated. Ring closure via nitrene intermediate According to our previous method cited above, 8 a protected aniline derivative of an N-phenyl substituted pyridazinone (10c in Scheme 2) was also a convenient starting compound for internal ring closure following our cyclization protocol established. Thus, after deprotection of the aniline derivative to the amine this compound was diazotized to a diazonium salt which, in situ, was subjected to an aza-transfer azidation reaction to an aryl azide. Heat treatment of azide 12c generated a nitrene, attached selectively to only one of the adjacent positions of the pyridazine ring. Heating 12c in refluxing xylene gave 5H-pyrazino [4,5- Two new methods for the synthesis of the pyridazino [4,5-c] isoquinoline ring system are reported. 2-Substituted pyridazino [4,5-c] isoquinolines 4a and 4b were produced in Suzuki-azaWittig tandem reactions. Dibromo derivatives proved to be optimal halogen precursors. The pyridazinoisoquinolines 4a and 4b, as well as 7a and 7b were synthesized by Suzukicondensation tandem reaction. Both the halogen displacement reactions with ammonia and Suzuki-condensation tandem reactions proceeded with higher yields when starting with one of the N-2 benzyl derivatives. Application of the Suzuki-aza-Wittig tandem reaction on pyridazinones is recommended mainly in the following cases:  if the precursor haloamine cannot be prepared regioselectively from the dihalogen compound,  if the haloamine can be obtained only by reduction from haloazido derivative, or  if the derivative substituted at the required position can be formed selectively in one step from the appropriate dihalogen compound. Our present method is synthetically convenient and contains fewer steps, than the previously published route. 5 Moreover, in the present method both haloamine regioisomers were produced in one step. On the other hand, another method was developed for the synthesis of the pyridazino [4,5- 
Experimental Section
General. 1 5 are corresponding to those reported in the literature for identical compounds produced via routes different from the ones described herein.
Method A. General procedure for the reaction of 1a-d dihalopyridazinones with sodium azide
To a suspension of the 4,5-dihalopyridazinone derivative 1a-d (8.3 mmol) in ethanol (58 mL) and water (29 mL), sodium azide (16.6 mmol) was added, and the mixture was refluxed until the starting material was consumed as judged by TLC analysis. The hot reaction mixture was filtered and the filtrate was evaporated to dryness in vacuo. The solid residue was taken up in water (20 mL) and extracted with chloroform (3x20 mL). The combined organic layers were dried over anhydrous magnesium sulfate. The solvent was evaporated in vacuo, and the crude product 2a-d was purified by column chromatography or by recrystallization as given below. Method B. General procedure for the reaction of azides with triphenylphosphine A round-bottom flask was purged with argon and charged with the appropriate azido compound derivative (13.10 mmol) and dry dichloromethane (100 mL). Under stirring, the mixture was flushed with argon for approximately 5 min. Subsequently triphenylphosphine (13.50 mmol) was added and the reaction mixture was stirred at room temperature for three hours. The solvent was evaporated in vacuo, and the crude solid product 3a-d was recrystallized from dichloromethane or purified by column chromatography. 13 C NMR (50 MHz, DMSO-d6): δC 158.0 (C-3), 149.0 (C-5), 133.2 (C-6), 132.9 (C-4'), 132.1 (C-2',6'), 129.4 (C-3',5'), 128.7 (C-4), 128.6 (C-1'), 39.2 (CH3). C' are phenyl carbons; P-C coupling constants:
5-Azido-2-benzyl-4-bromopyridazin-3(2H)-one (2a).

5-Azido-4-iodo-2-methylpyridazin-3(2H)-one (2d
2-Benzyl-4-bromo-5-(triphenylphosphoranylideneamino)pyridazin-3(2H)-one (3a
1 J(P, C-1') 101, 2 J(P, C-2',6') 10, 3 J(P, C-3',5') 12, 4 J(P, C-4') 2. 1H, H-6), 3.68 (s, 3H, CH3 ). 13 C NMR (50 MHz, CDCl3): δC 155.5 (C-3), 149.5 (C-5), 132.6 (C-4'), 132.4 (C-2',6'), 131.6 (C-6), 129.0 (C-3',5'), 128.9 (C-1'), 92.9 (C-4), 40.1 (CH3); C' are phenyl carbons; P-C coupling constants:
4-Iodo-2-methyl-5-(triphenylphosphoranylideneamino)pyridazin-3(2H)-one (3d
1 J(P, C-1') 101, 2 J(P, C-2', -6') 10, 3 J(P, C-3', -5') 12, 4 J(P, C-4') 2. Method C. General procedure for the synthesis of (4a,b) via Suzuki-reaction from the appropriate haloiminophosphoranes A round-bottom flask was purged with argon and charged with the iminophosphorane derivative 3a-d (2.0 mmol) and dry 1,2-dimethoxyethane (30 mL). While stirring, the mixture was flushed with argon for approximately 10 min. Subsequently tetrakis(triphenylphosphine)-palladium(0) (0.12 mmol), 2-formylphenylboronic acid (2.8 mmol) and sodium carbonate solution (2M, 10 mL) were added and the reaction mixture was heated at the temperature given below. The solvent was evaporated in vacuo, the crude black oil obtained was taken up in water (80 mL) and extracted with chloroform (3x80 mL). The combined organic layers were dried over anhydrous magnesium sulfate. The solvent was evaporated in vacuo, and the brown residue was purified by flash column chromatography as given below. Method D. General procedure for the synthesis of (4a,b), via Suzuki-reaction from the appropriate haloamines A round-bottom flask was purged with argon and charged with the amino derivative 5a or 5b (2.0 mmol) and dry 1,2-dimethoxyethane (30 mL). While stirring, the mixture was flushed with argon for approximately 10 min. Subsequently tetrakis(triphenylphosphine)-palladium(0) (0.12 mmol), 2-formylphenylboronic acid (4.0 mmol) and sodium carbonate solution (2M, 2.0 mL) were added, and the reaction mixture was heated at 110 o C for 12 hours. The reaction mixture was poured onto ice-water (60 mL), was extracted with dichloromethane (3x45 mL) and the combined organic layers were dried over anhydrous sodium sulfate. The solvent was evaporated in vacuo and the residue was purified by flash column chromatography as given below. 
2-Benzyl-pyridazino[4,5-c]isoquinolin-1(2H)-one (4a)
.
Method E. Synthesis and characterization of haloamines (5a) and (6a) 5-Amino-2-benzyl-4-bromopyridazin-3(2H)-one (5a).
Reaction of 2-benzyl-4,5-dibromopyridazin-3(2H)-one 1a (7.12 mmol) with ammonia (50 mL, 25%) was run in an autoclave (160 o C, 6 h) under stirring. After cooling, the resulting precipitate was collected by filtration, washed with water, and recrystallized to give 5a as Colourless crystals, yield 55%, N-[2-(6-Oxo-1-phenyl-1,6-dihydropyridazin-4-yl)phenyl]pivalamide (10c) . 5-Iodo-2-phenyl-3(2H)-pyridazinone 9 (2.98 g, 10.00 mmol) and tetrakis(triphenylphosphine)-palladium(0) (0.58 g, 0.50 mmol) as a catalyst were dissolved in dimethoxyethane (60 mL, distilled over SnCl2) and were stirred under argon at room temperature for 30 min. Pivaloylamino-phenylboronic acid (2.76 g, 12.50 mmol) and sodium carbonate solution (2M, 10 mL) were then added and the mixture was refluxed for 8 hours. The reaction mixture was poured onto ice-water (80 mL) and was extracted with chloroform (3x100 mL). Evaporation of the organic layer gave a crude product which was recrystallized. Yellow crystals, yield 75%, 2.61 g, mp 191. + : 348.1712, found: 348.1705. -1-phenyl-1,6 -dihydropyridazin-4-yl)phenyl]pivalamide 10c (2.29 g, 6.59 mmol) was added to sulfuric acid (20%, 115 mL) and the mixture was refluxed for 3 hours. After cooling, the pH of the mixture was adjusted to pH 8 by addition of aqueous ammonia (25%). The mixture was then extracted with chloroform (3x100 mL) and the crude product obtained after evaporation of the organic layer was recrystallized. Pale brown crystals, yield 80%, 1.38 g, mp 144.5-145.8 C (from acetonitrile); Rf (C-4' ), 129.6 (C-6'), 128.8 (C-3",5"), 128.2 (C-3",5"), 128.2 (C-4,4"), 125.2 (C-2",6"), 119.9 (C-1'), 119.7 (C-5'), 117.1 (C-3'). H" and C" are phenyl protons and carbons, resp. MS (ESI): m/z (%) 256, 261; HRMS (ESI) calcd. for C16H13N3O [M+H] + : 264.1137, found: 264.1128.
5-(2-Aminophenyl)-2-phenylpyridazin-3(2H)-one (11c). N-[2-(6-Oxo
5-(2-Azidophenyl)-2-phenylpyridazin-3(2H)-one (12c)
. 5-(2-Aminophenyl)-2-phenylpyridazin -3(2H)-one (11c) (2.00 g, 7.6 mmol) was dissolved in 37% hydrochloric acid (60 mL) and was cooled at 0 o C with stirring. A solution of sodium nitrite (1.11 g, 16.14 mmol) in water (41 mL) was added dropwise at such a rate that the temperature of the reaction mixture did not exceed 5 o C. The mixture was stirred at this temperature for 1.5 hours. A solution of sodium azide (1.01 g, 16.14 mmol) and anhydrous sodium acetate (8.73 g, 106.4 mmol) in water (37 mL) was then added at 0-5 o C and the mixture was stirred at this temperature for an additional 1 hour. Then the mixture was neutralized with a saturated sodium carbonate solution and extracted with dichloromethane (3x70 mL). The organic layer was evaporated without heating and the residue was suspended with diethyl ether to yield brown crystals which were filtered off. The product decomposed on air and was therefore stored under argon atmosphere in a refrigerator. Brown crystals, yield 98%, 2. 6 .36 (dd, 1H, H-3'), 3.71 (s, 3H, NCH3). 13 C NMR (125 MHz, DMSO-d6): δC 159.9 (C-3), 148.1 (C-2'), 144.7 (C-1'), 138.6 (C-6), 132.2 (C-4"), 132.0 (C-2",6"), 129.6 (C-5), 129.5 (C-4'), 129.2 (C-1"), 129.0 (C-3",5"), 128.9 (C-6'), 125.9 (C-4'), 122.5 (C-3'), 120.7 (C-5'), 39.0 (NCH3). P-C coupling constants:
1 J(P, C-1") 100 Hz, 2 J(P, C-2",6") 10 Hz, 3 J(P, C-3",5") 12 Hz, 4 J(P, C-4") 2.3 Hz, 3 J(P, C-3') 11 Hz, 4 J(P, C-6') 1 Hz; H' and C' are phenyl protons and carbons, resp. of the phenylamino group; H" and C" are phenyl protons and carbons, resp. of the triphenylphosphoranylidene group. s, 1H, H-9 ), 7.73-7.80 (overlapping, 4H, H-3',4',5',6'), 7.67 (d, J7,9 7.9 Hz, 1H, H-7), 7.30-7.60 (overlapping, 10H, Ph-H). 13 00 mmol) and tetrakis(triphenylphosphine)-palladium(0) (0.12 g, 0.10 mmol) as a catalyst were dissolved in dimethoxyethane (12 mL, distilled over SnCl2) and were stirred at room temperature under argon for 30 min. Pivaloylamino-phenylboronic acid (0.71 g, 3.20 mmol) and sodium carbonate solution (2M, 1.0 mL) were then added and the mixture was refluxed for 8 hours. The reaction mixture was poured onto ice-water (30 mL) and was extracted with chloroform (3x30 mL). Evaporation of the organic layer gave a crude product which was recrystallized. 
